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(a). Applicability.  This technical standard
order prescribes the%inumum performance
standards that lithium sulfur dioxide (LiS02)
bt&ies kst meet k be identified with the
applicable  TSO marking. Batteries that are to
be so identified must meet the requirements of
the “Federal Aviation Administration Stan-
dard, Lithium Sulfur Dioxide Batteries” set
forth at the end of this section.
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(b). Marking.  Each battery must be marked
in accordance with 537.7 and must be marked
with the month and year of manufacture and the
date on which it must be replaced. In addition,
each cell and battery must be marked with the
phrase, “LiS02 BATTERY CAUTION:
PRESSURIZED CONTENTS; NEVER
RECHARGE, SHORT CIRCUIT, OR EXPOSE
TO TEMPERATURES ABOVE 70°C (1580F)".

(c). Data requirements.  In accordance with
537.5, the manufacturer must furnish to the
Chief, Aircraft Engineering Division, Office of
Airworthiness, Federal Aviation Administra-
tion (or in the w of the Western Region, the
Chief, Aircraft Engineering Division) in the
region in which the manufacturer is located, the
following technical data:

(1) One copy of the battery limitations and
operating characteristics.

(2) One copy of the installation procedures
and installation limit&ions  with applicable
drawings  and specifications indicating all limita-
tions, restrictions, and conditions pertinent to
the installation.

(3) One copy of the manufacturer’s test
report. f

(4) One copy of the Master Drawing List of
the battery, including identification of all draw-
ings and applicable revision st&us and all pro--
cess specifications and revision status.

(5) Battery data sheets specifying, within
the prescribed range of environmental condi-
tions, the actual performance of batteries of
that m with respect  to each performance fat-
tor prescribed in the applicable standard.

(d) Data to be jimntihed  with munufmtud
U?&&

(1) One copy of the data and information
specified  in paragraphs (c)(l), (c)(2),  and (c)(5)  of
this section must be furnished to each person
receiving for use one or more articles man*-
tured under  this TSO.

(2) If a cell vents  -from any of the test8 m
quired by the Federal Aviation Administration
Standard, Lithium Sulfur Dioxide Batteries, ex-
cept those of SST-1 and T-2 of Appendix  B of
the standard, one copy of the data must be fur-
nished to each person receiving for use one or
more cells manufactured under this TSO which
will allow that person to design-

( i )  A  receptacle t o  -contain t h e
simultaneous violent venting’or  explosing of 4
cells within the battery; and

(ii) Provisions for venting  overboard the
gaseous producl of the explosion.
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1.0 6eBerd.
1.1 This standard applies to c&s and batteries of a

nonaguous  LiSOI type. Batteries may consist of a single oe!I,
cells connected in series or in paraUel, or both, to 0bUC.n the
newssay output for the intended application. Ikfinition~
for terms used in this standard are set forth in Appendix A
of this standard.

2.0 Minimun  Performance Under Stand& Comiitioar.
2.1 Cell ho&on. Cells in a mukkell battery or packs of

mote than one battery may not be connected in pu8llel
unless provisions are made to prevent individual ceHs from
being exposed to charging voltages greater than the eelI’s
nominal open circuit vohage. When five or more aells are
~nnectedin~ries,eochdmrrrtbeptetdbyashunt
diode.’

2.2 CGUcarnectian  Au ekctrid amwctio~s be&&
calls in a batbry must be added, welded, or brazed in
8amdmce with uI applied proaess qwifkktion.

2.3 Sufity  Reliej:
23.1 Safity Relie~Mechznim.  Each cell used in the bat-

tery must incorporate a safety reiief mechanism that wili
relieve internal pressure at a value and rate which will
preclude venting violently, or explosion. The safety relief
must operate at 8 temperobre below 13O*C  in accordance
with IT-1 of Appendix B of this standard.

2.32 Disdwge Mat&&. If a cell vents during any of
the tests requited by $53.2, 3.3, 3.4, 3.5, 3.6, 3.7,  3.8,  3.9,
and 3.10,  the data requirements of 537.209  (dX2) must be
met.

2.4 l%wqmbtr’Rn  E.ncapsukGon  of the battery may
not be used unless it is demons-, in m with
S$T-e~T-3ofAppeodixBof.~stradud,thrtencsp
&tion does not inhibit the functioning of the S&Q .&a~
me&nkm or cause the kttery to overkat.
9 2.5 &cd. E&I cellp~ust  be benneticrrlly sealed. The
sealroust~testedinrcco~withST=aofAppendixB
of this 8tandad The diffemme  hi the weight of the cellbefog ~ 8fte~-~ ~trnust &-i&‘& 50 milljgFams.

2.6 Current  Limiting Pmbctian.  The battery must
have a current limiting device. This device must limit tk
current  that can be dmwn from the battery to a value lower
than that which it was subjected to in j$3.8,3.9,  and 3.10 of
this standard, and must be an integrat part of the battery
and not susceptible to shorting or any failure causing the
device to be bypassed.

2.7 Uaqfil life. The useful life of the battery may not
exceed 4 years unhs  demonstrated. The uwful life must be
demo-ted at a minimum temperature of 4O*C. When
tested at periods in excess of 4 years, the battery must
retain 80 percent of its ampere-hour capacity as
demonstrated in accordance wit); ST-5 of Appendix B of tJ&
standard, and meet the requirements of $@9,2.10,  and a!l
sections under $3.0 of this standard.

2.8 E-i- of Phxhct.  When squired, e
quent  fo a test mquhd by p;O of this standard, each of the
cells must be visually examined. Special emphasis must be
placed on observing signs of leakage and overall appearawe
of the safety &ief fe&rc

2.9  OpGn Circuit VW. Open circuit vokage of the
batkrymustbemeawed and be within  *5 percent of its
specified value, urd the pokrity must be correct.

2.10 CUpkQ. The variation in batk2y cgJ,&  my
n0t  Vv’ more than *lO percent when compared wi. I he
capacity as demonstrated in uxonhce with p-c of
Appendix B of this sbndard.
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S.0 Miairra  Perforrrmcc Stamelrrdr U n d e r
EBvhmDeBtaJ  caulitieru.

s-1 - Exapt ru provided in sp.6, 3.7,3.8,  3.9,
~3*10ofthisstudard,thedesignofthebrtterymustbe
B& tJmt subatxpnt to the appiicatioa of the 4qx&ied tests,
no ~~n&ion  znay exist that would be dt$rbental to the
cdiwed PeFfornunoe of the battmy.  The nme battery
mustbtusedfo~tbofdlaariagfestsudthesetestsmust~
Performed in thir dec I;J92, 8.3,  3.4,  11.5,  mnd 3.6.- - . .

32 shocra~ Tbe)YtfPNmkdtOash=k
table by a gnec&Gdy ware &vie. The ehd t@
machine must be capable of imparhg  to the battery a serif
of calibrated shock imp&es. The shock impulse w;dvef<)rIfi
must be a htisine puke whoso distortion at any point on thtb
waveform may not be greater than 15 percent of the peak
value of the shock puke. For the purposes of this section,
dwlation of the hck imp&e is specified with reference to
theteropointsofthebolfsine~ve,urd~fonsesare
specSed  in terms of peak amplitude C vaks. The shock im-
puke must be measured using a calibrsted accekrometer
and &ted instwnentation having a 3dB respoxue over
a range of a& least 5 to 250  Hertz. The shock test must be
conducted as follows:

.

(a) Mountthebatteryontheshocktestmackieinsucha
mannerthatitcanbe6a3bj&0dtoshockim@Sesineach
dit&iO~SU~dyrbrrgthe~nurbrgy~
axes of the battery.

(b) kpply a %KC m?w&‘iinplE&e  of dwatjon ‘2&i’
milSiiruis to the battery in rdiwxtion coincident with the
fwst orthogonal 83cis.

(c) Reaetthe~vation . l

(d) Repedt-tbc  i⌧-= --& y-j --i--j
_-.  .

appiyinganimp&~inII~5~eyial-
&ma , _ ..g. .y- -4:: :.’ _I -

3.3 Vib+ativn Tcrrt. The battery must be aecured to a
vibration table so that sinusoidal vibratory motion cw be ex-
erted parallel to one of tbe three @or otiogonal8xes of
the battery. The battery must be affixed to the vibration
table by the means specifkd  by the equipment manufacturer
for service ins&llations. The vibration frequency must be
varied at a rate not to exceed 1.0 oc@ve per &ute. The
vibration must exhibit a constant to&l exc&on of 2.5mrn
from 5 H&z to the frequency at which an acceleration of 7G
(zemtqxak)  is reached and from that frequency to 2,000
Hertz at a constant act&e&ion of 7G. Continue the vibra-
tionforaminimum of1&ur.Tbetesbdeahbedintis
section must be qeakd with bhe vibr8Wy motion being
applied along each of the other.#nqjw  axes of the! sell.

3.4 T~~CydcTsrt.TBebe#arymuatbesub
jectedfoatemperohrrenot~~rthon-~~foraperiod
of2Oh~.Thetestcknbertem~musttbenbe
mised8tanteof5° f 2%per*uteto8WqenWe!of
8t hBt +71%, 8#Bd this *m &M&Nd  for a
pcri0dOf4hans.Afb?tb4bU~,thetW&83nkr
~~must~~,rt~~n~of5p~ZoCper
minute, tn a kmperatwe  not mr thrn 45oC,  8nd this
temm must be mrintaineci for  20 bou?s.  The
tern- cycle must be llleperted  5 times. After oomple-
tion of the krnpemtUre  cyck, the b&q must be returned
to room temperature.

3.5 Altitude Tat. The battery must  be stored for 6
hours at an atmospheric pressure ~mspondingtmm
akitude  of 15,000  meten at 24. f PC. The pm must
tbenbe~toserkvel~.
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of sS2.8, 2.9, and 2.10 of t&is &dud.’ -

APPENDIX B
T h e  f o l l o w i n g  t e s t  procedures give datoiis f o r

demonstating that the re4+ements  of the Lithium Sulfur
Dioxide Batteries Standard are met.
T-l Vtrtificrtion of ulcty relief a~echanh  ($23.1).

3.7 High Tmpmtuw Battq Capuciiy Tea After 30 Equipment Required:
days of storage at a temperaure of 710 k 2%, the batter
muat be returned to room temperature and must be capable
Of delivering 90 percent of its ated cap&Q with no more
than f 10 percent variation in ceil capacity. The test must be
performed in accordance with ST-6 of Appendix B of this
SM.

Calibrated iron constantan mle, mtp b
within f l*C.

Electric heating tape.
Recodng potentiometer.

Test procadute:
r* . t. -. *--

3.8 Rtvme &kharge  Test. The oell must not be fuse
prOtected, The cell must be w in series with an
external power supply at a current equal to that of the rating
of the be used in the battery at a temperature of 24O f
3*C. The discharge must be maintained for a time correspin-
ding to the rated capacity of the battery that the cell will be
used in or until the cell has vented, The cell condition must
be m~nked for 24 hours after termination of reverse
discharge*

t&t. The test must be coodwted  pn (1) II hpttpry that has not
b&i disdhsrgid,  and (2) a bat&~ timt has completed the
high temperature battery vity test of 9.7. A &tt+ry
mustbef~dkkgedatacurrentloodequaltothatof
&eruingoftbefuM!usedinthebstbcryrtrte~mtalre
nOX$reHer that -20% isothermally  for a period &pork
ding to the rati capacity of the battery. The battery condi-
tion must be monitoted for 24 hours after the rati capacity
of the battery has been reached.

3.10 Total Dischurge Tat .  The bat tery must be
operative and have the fuse removed for purposes of this
test. The battery must be discharged at a temperature of 24”
f 3°C at a current level equal to that of the rating of the
fuse used in the battery for a period corresponding to the
nkd capacity of the battery. Immediately thereafter, a
direct short must be placed and left m the battery ter-
minds. The battery condition must be tnonitbred for 24
hours t&r the direct short has been qptied.

a Expose the battery to environmental conditions~whicb
will cause the battery t41 vent (e.g., high tempera&e or
direct short with the current limiting device inoperative).

b. The operation of the safety relief mechanism  and $he
enckpsulation  should bi observed.

c. Detmnine  that the encapsulation material does not
ause the battery to vent in a manner different  &an that of
the cell tested in ST-l,

oft&eT-3 H e a t  trrrufer
mterial(~2.4).

Equipment Required:
Two caiibrated  thermocoupks mte to f 1°C.
zko recording potentiometers.. - :

Tat Pmmdum:
w%achalondtomcnapuLtsdhttslyatbe&

removeciwhichwiildnwr~t~tOtbeMpere
ratingoftbefuse UedinthebaUy.

b. Atta& a kmd toanidentical battery withoute~-

APPENDIX A
The f&wing tbhitions of tcexms = apptieable to the

Lithium Sulfur  Dioxide Batteries Standard.

1.0 Ikfinitionr. F o r puqKw?softhisstandard,the
fokwing  &fulitions  apply:

%attery”meansmektrkalenergy8ouruxmadeupof
omormoredl8,armngedindectricPlreriesorppnllelor
in a Isaies-parollel combi~tions.

T-4 He-tic USI teat ($2.5).
Equipment Rquimk

7hpciQP means the total amount of electrical energy,
measured in ampere imum,  that a cell can generate.

Temperaturecontrolled  oven.
Scale(accu&etolmiQgram). -

“Cell” mean8 an individual electrochemjcal unit.
“Hermetic sealed cells” mesns that each cell is 4ed in

~~amannerthatovertheuseful~eoftheoellthe~isno
loss of ~sbeous or solid material from the cell.

“Venting” means the controlled release of the electrolyte
or any chemical reacUnt products, or both, fern a cell.

Test Pwmdum
a. Weigh each cell under test.
b. Piace each self in the ternper8tumcon~~~ a~-.
c. Raise the temperature  b WC.
d. Maintain this temperature for 80 day&

“Venting violently” means the rapid uncontrolled-
cbchqe of either harmful gases or liquid, or both, from a
cell wcompMied by the generation of heat.
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e. her the tmnpth&re  Oa tint.
f. Remove the cells and weigh each =Lf
g. Cornpart! the weight of each 4 with the weight before

the test,
T-5 Uwful life (52.7).

Epipmmt  Rtquid:
TemperoavlecontroUed  oven.

T&at  Procedure:
* Phce each battery in the temperature+ontro~tolled  oven,

ads pointed down MI tbat the seal is cOvered  by the elec-
trolyte.

b. R&e the temperature to at Last 40%.
C. Maintain  this temperature for 4 years plus the addi-

t ional  t ime for  which udul life is desired to be

- d. Lower the temperature and remove each battery.
C. LIessure the remaining capacity of the cell in wax-

dance with ST-6 of this ~~FMH%X.

T4 %&my Capuity ($2.10).

Tat ?+vcedlm?.
a. Attach a resistiw bad to the battery under test which

will initially draw a current equivalent to the value of the
fuse used in the battery in which the cell under test is to be
Ud.

b. Monitor the voltage
battery reaches 0.5 volts.

time until the end-voltage of the

c. Calculate  the cell capacity u&g the timed
voltage method. The formula for this method is

avemged

where:
V I Time averaged volt&-*’ .
tm-Eiapeed~~-toarteffinhavs
Vi = Vokageattimetj
V i*] - Vottage 8t time tj+]
ti-Timtinh-at~hk.h~i-~ -
tj+j  -Timein~azwhichv~~-w8s- - . . -
AH-Di~capacity
Rp&adresistrnainohmrf


